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TREE DIAMETER EFFECTSON COSTAND
PRODUCTIVl,TY  OFCUT-TO-LENGTH SYSTEMS

MATHEW A.  H O L T Z S C H E R

B O S S Y  L. LAN~=~RD

A B S T R A C T

Currently,  there is  a lack of economic information concerning cut-to-length harvest-
ing systems. This study examined and measured the different costs of operating
cut-to-length logging equipment over a range of average stand diameters at breast height.
Three different  cut- to-length logging systems were examined in this  s tudy.  Systems
included: 1) felier-buncher/manual/forwarder;  2) feller-buncher/processor/forwarder,
and 3) swing-to-tree harvester/forwarder. Operating costs were ca!culated  by generating
stands with the stand generator program PCWTlin.  Once stands were generated, costs
for thinning were determined using a computer spreadsheet  model known as the Auburn
Harvester Analyzer.  Each individual system followed different cost trends; however,  for
all systems, tree size had a significant effect on unit cost of wood produced. As tree size
increased, unit  cost of wood produced decreased. The swing-to-tree harvester system
was much more expensive for small-diameter trees than the other two systems due to
individual  s tem processing and small  volume per t ree but  approached the unit  costs  of
the other systems at  larger tree sizes.

T h e object ive of  this  s tudy was to
compare three cut-to-length logging sys-
tems that  use different  in-woods process-
ing methods in order to examine the ef-
fects of harvested tree diameter on system
productivity and cost per unit of wood
produced. The machines used in the sys-
tems were: 1) feller-buncheriman-
&/forwarder; 2) feller-buncherlproc-
essorlforwarder;  and 3) swing-to-tree
harvester/forwarder.

The  feller-buncher/manual/fotwarder
method of  harvest ing consis ts  of  using a
feller-buncher to fell and bunch trees fol-
lowed by manual  processing with chain-
saws to remove l imbs and buck the trees
into desired lengths. All systems use a
forwarder to transport logs from the
stump area to set-out  t rai lers .

The second cut-to-length system
compared was the feller-buncher/proc-
essor/fonvarder,  which also uses a feller-
buncher  to fell and bunch the trees. How-

ever, once bunches are formed, a single
mechanical  processor delimbs,  tops,  and
bucks the trees into a pile of  logs ready
for forwarding.

The third cut-to-length system,
known as the swing-to-tree har-
vester/forwarder, uses one machine that
performs both the fel l ing and processing
functions. A tree is severed and maneu-
vered to where it will be piled, similar to
the way a feller-buncher operates. After
the tree is in position, it is delimbed,
topped, and bucked into merchantable
lengths .

L I T E R A T U R E  R E V I E W

Cut-to-length systems can be either
highly manual or mechanical. The for-
warder,  however,  is the foundation of all
cut- to- length systems.  Forwarding is  the
process of transporting the wood from
the s tump to roadside with the load sup-
ported by the machine.  Payloads for for-
warders range from 16,000 to 36,000
pounds (5), while large skidders typi-
cally only pull  around 1 cord (5,350 lb.)
or less per cycle.  Tufts et  al .  (19) found
that the payloads of skidders ranged
from 518 to 10,773 pounds; however,
only 30 (7%) of the 4 16 observed cycles
were heavier than 5,350 pounds. The
large payload of a forwarder means it
needs fewer passes over the ground to
move the wood to the roadside (4).
Fewer tr ips into the t imber stand corre-
sponds with decreased rutting and de-
creased soil  compaction (10).

Forwarders offer more maneuverabil-
i ty,  greater productivity,  and less access
area requirements than other systems
(13). Tree-length systems require
straight corridors in order to minimize
damage to the residual trees.  Forwarders,
however, can meander through a stand of
t imber and do not  require s traight  roads.
Tbis is possible for two reasons. First,
the material  being transported is  already
bucked to a merchantable length, gener-
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TABLE - 1. Stan&  generatedfor  selected cut-to-length systems using PCWhin.

Planting Site Basal
Prior to thinning Thinning method

Tree-s Stand
- - H a r v e s t e d  o o r t i o n Residual stand

Basal Trees Basal Trees
spacing index’ area per acre Vohuneb DBHC Age entry no. Pattern area per acre Vclume DBH area per acre Volume DBH

(fl.) (&‘/acre) (cords) tYG
Svstems:  feller-buncher/manual/forwarder and swine-to-tree harvester/forwarder

6by6 6 5 117.1 862 12.85 4.9 12
6by7 6 5 1 3 0 . 0 735 19.03 5 . 7 14
6bylO 6 5 1 2 7 . 2 520 23.00 6 . 7 16
8by  12 6 5 1 1 6 . 2 343 24.64 7.9 18
6 by 6 6 5 ,102.9 226 26.59 9.1 22
8 by 8 6 5 9 9 . 0 171 27.68 10.3 24
8 by 8 6 5 9 9 . 6 1 4 7 30.44 1 1 . 2 2 7
8bylO 6 5 104.3 1 3 0 3 4 . 2 3 12.2 30

6by6 6 5 117.1 8 8 1 1 2 . 8 5 4 . 9 12
6by7 6 5 1 2 3 . 0 655 1 8 . 2 6 5 . 7 14
6bylO 65 1 2 7 . 2 520 23.00 6 . 7 16
8by12 6 5 116.2 343 24.64 7 . 9 18
6 by 6 6 5 102.9 2 2 1 26.67 9.1 2 2
8by8 6 5 9 9 . 0 168 27.77 10.3 2 4
8 by 8 6 5 9 9 . 6 145 30.48 11.2 2 7

1

1

2
2
2

5th row/low
5th row/low
5th row/low
5th row/low
Low
Low
Low
Low

9th row/low
9th row/low
9th row/low
9th row/low
Low
Low
Low

(fk’lacre)

52.1 5 0 5
65.1 474
62.2 322
5 1 . 2 191
3 7 . 9 1 0 9
34.0 7 6
3 4 . 5 6 5
40.0 6 2

(cords)

4.82
8 . 5 4

1 0 . 5 2
1 0 . 3 5

9 . 3 5
9 . 1 7

1 0 . 2 5
1 2 . 8 4

(&‘/acre)

4 . 3 6 5 . 0
5.0 6 4 . 9
6.0 65.0
7.0 65.0
8 . 0 6 5 . 0
9.1 6 5 . 0
9 . 9 65.1

1 0 . 9 6 4 . 9

(cords)

357
2 6 1
1 9 8
1 5 2
117

9 5
81
6 8

8 . 0 3
10.43
11.95
1 2 . 4 9
1 7 . 2 4 ’
18.51
20.19
21.64

5 . 8
6 . 8
7 . 8
8 . 8

10.1
11.2
12.1
13.2

52.1 529
5 7 . 9 398
6 2 . 3 324
5 1 . 3 1 9 2
3 7 . 9 1 0 6
3 4 . 0 7 5
3 4 . 7 6 4

4.78
7 . 7 9

1 0 . 4 9
1 0 . 3 4

9 . 3 9
9.21

1 0 . 2 8

4 . 3 65.0
5 . 2 6 5 . 0
5 . 9 6 4 . 9
7.0 6 5 . 0
8.1 65.0
9.1 65.0
9 . 9 6 4 . 9

3 5 2 8 . 0 7 5 . 8
2 5 7 1 0 . 4 2 6 . 8
1 9 6 12.51 7 . 8
151 14.30 8 . 9
115 17.28 10.2

9 3 18.55 11.3
81 20.20 12.1

8by 10 6 5 104.3 1 2 7 34.24 12.2 30 2 Low 4 0 . 1 61 1 2 . 8 8 11.0 65.0 6 7 2 1 . 6 5 13.2

a Site index is base age of 25 years.
b AU volume is cords outside bark to a 3-&h  top.
’ DBH is quadratic mean diameter in inches.
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ally under 20 feet, as compared  to the
tree-length system, which lI?ay  have ma-
terial  over 40 feet  in length.  Second, the
forwarder is articulated  and is capable of
turning around in a small  area while car-
Irying  i t s  payload.

Cut-to-length systems  range from
those that  involve  a considcrdblc  amount
Iof  manual labor to totally mechanized
systems.  When totally manual, trees are
felled, dclimbed,  and bucked by chain-
:saw  operators.  Depending upon the final
product, short bolts may be handpiled
while higher valued and larger products,
such as chip-n-saw Logs, are letI  where
they are processed. After all  processing
is completed,  a forwarder is  then used to
collect the merchantable material and
load  haul vehicles (5). A more mecha-
nized approach uses a feller-buncher to
fell  the trees, yet chainsaw operators are
still  used to  delimb and buck the wood.

Total mechanization of a cut-to-
length system can be achieved by two
methods. In th::  first system, a feller-
buncher  is used to fel!  trees,  a processor
del imbs and bucks fel led t rees  into logs,
and a forwarder is  used to transport  the
logs  (3). Greene and Lanford (3) exam-
ined the use of a processor for thinning
and concluded that tree utilization was
greater than with chainsaw processing.
‘The processor also added the benefit  of
increased safety, since all operations
were mechanized. The slash from proc-
essed trees was deposited by the proces-
:sor in the travel corridors where the
limbs and tops acted as a bed for sub-
sequent machine traffic.

The second totally mechanized cut-
to-length system uses only two ma-
chines. A swing-to-tree harvester fells,
delimbs, and bucks the wood (2, I 1,12).
The processed wood is  then transported
by a forwarder. Of the two totally
mechanized systems, the swing-to-tree
harvester and forwarder combination
has received the most  at tent ion
(4,11,15,17).  Two articles that appeared
in Ember Ifarvesting  (8,14)  discussed
both the advantages and disadvantages
of the swing-to-tree harvester/forwarder
systems compared to more conventional
skidder  sys tems.

Advantages included: 1) more eco-
nomical on small tracts of timber; 2) less
total  labor cost ,  s ince only two employ-
ees are needed; 3) less fuel  consumption
by machines; 4) easier to merchandise
highest valued products from trees; 5)

lowest  worker’s compensation rates;  6)
safe atld comfoltablc  work environment;
and 7) minimal si te  and stand damage.

Disadvantages included: I) some-
what longer  learning curve for operators;
and 2) high initial cost of individual cut-
to- length equipment .

METHOE

For this study, the  thinning costs asso-
ciatcd  with three diffcrcnt  cut-to-length
machine  combinations over  a variety  of
harvested diameters  were  compared. A
widely accepted measure of the average
diameter at breast height (DBH) of the
timber being harvested is  the quadrat ic
mean diameter of the removed wood.
The quadratic mean DBH is a measure
of the tree of average basal area. Har-
vested quadratic mean diameters were
calculated with the following formula:

Q, = [basal area removed/(tree  per
acre removed x  0.005454)].’

The influence of eight different tim-
ber stands with harvested quadratic
mean DFiHs  representing  approximatel)
4,5,6,7,8,9,  IO, and 11  inches was used
to compare the  three cut-to-length log-
ging systems.  The computer  growth and
yield model PCWThin  (1) generated all
of  the s tands.

Harvesting patterns were chosen that
matched the equipment and system be-
ing used. The feller-buncher/manuaI/for-
warder and swing-to-tree harvesterlfor-
warder systems used a fif th row pattern
where 20 percent of the stand was clear-
cut and the remainder was thinned from
below to the designated residual basal
a r e a  o f  6 5  ft.2/acre.  T h e  feller-
buncherlprocessoriforwarder  system
was capable of a ninth row pattern. One-
ninth of the stand was clearcut  and the
remainder was thinned from below to the
desired basal area.

The harvested quadratic mean diame-
ters teepresenting  4, 5, 6, and 7 inches
were obtained from stands that were be-
ing row/low thinned for the first time.
The remaining four quadratic mean di-
ameters representing 8, 9, 10, and 11
inches were obtained from stands being
thinned for the second  time. A second
thinning was necessary to obtain the
larger diameters.

Table 1 contains a summary of the
stand information used for all thinning
patterns,  as well  as information concem-
ing the harvested and residual stands.
Based on advice from practi t ioners with
considerable  thinning experience, a tar-

Valmct  SO3  fdlcr-be
I S-in. shear head
28%.  lires
A i r  c o n d i t i o n i n g
Suggested  re ta i l  p r ice :  S  100,750.OO

y
2%in.  front  l~rcs
700/50 lear tires
650 Cnnab  loader  w i t h  e x t e n s i o n  2 2 ’  6 ”  reach
C~anab  36-in.  grapple  with dampcncr
Joyst ick  srccring
Air/hcat/hght  p a c k a g e
Hcadachc tack
Sugges ted  re ta i l  p r ice :  % I76,3  I O . 0 0

Huyvama  272 chainsaw
20-in.  O r e g o n  b a r  a n d  c h a i n
H e l m e t  syslem  w i th  eye  and  ea r  p ro tec t ion
B o o t s  w i t h  talks
Prolective  pan ts
Protect ive  -loves
High-vi&ity  s h i r t
T o o l  carrier
F i r s t  a i d  k i t
P u l p  h o o k s  -  2
H o l s t e r s  f o r  h o o k s  -  2
L e a t h e r  b e l t  f o r  t o o l s
Lowers tape
St!&&ed  retail  price: S999 40

V?lmzt  546 Wo&&cs?er  &
942 IHarvester  H e a d  (I  8 i n . )  o r  9 4 0  G r a p p l e

Processor  each wi th  99s  t e l e s c o p i c  b o o m
A i r / h e a t / l i g h t  p a c k a g e
2%in.  tiont  a n d  700/50 rear t ires
Sugges ted  re ta i l  p r ice :  S280,383.00

’  Sources:Valmet  E q u i p m e n t :  G e o r g e  Abray,  R e -
g i o n a l  S a l e s  M a n a g e r  ( M o b i l e ,  A l a . ) .  C h a i n s a w
and bar: King Power Equipment (Lafayette,
Ala.). Safety apparel: Gransfor Bruks, Inc.
(Summerville,  S . C . ) .  S u g g e s t e d  r e t a i l  p r i c e s  a s
of  January  1995.

get of  harvesting 10 cords per acre for all
diameter classes was established for both
economical and silvicultural  concerns.
As shown in Table 1, this target was
attained for all diameters except for the
4- and 5-inch quadratic mean diameter
classes.

After stands were generated, cost and
productivity associated with thinning
each stand was determined by using the
Auburn Harvester Analyzer. This
spreadsheet is capable of determining
the productivity and unit  cost  for a tract
of timber based on the type of logging
system used, the size of timber being
harvested, and other operation variables
(18).

SISU Valmet cut-to-length equip-
ment was used for  system comparisons
whenever possible due to the availabil i ty
of published information. Table 2 lists
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M a c h i n e

Feller-buncher Shear= 0.1383+0.003~(DBH*  - 72.25)

Travel-to-tree = -O.I493+0,9889xLn(ResBA)
T r a v e l - t o - d u m p  = 0.0606+0.0322xvolt
D u m p  =  0.0569+0.0  162xvolt

Cha insaw

s o u r c e

(16)

Total + 0.1063+0.003~(DBH~  - 72.25)+0.OSS9xLn(ResBA)tO.O4S4xvoIt

Total =  0.0746+0.058xDBH  - 1.028xbranch+0.24796xDBHxbranch (6)
Forwarder L o a d i n g  = 0.028+0.3 I395(  l / s w i n g  v o l u m e )

Travel = 0.428+0.00155(distance)
(7)

Pmcessor Total = -0.341+0.1243xAvgDBH (3)

S w i n g - t o - t r e e (7)
harvester Total = 0.223+0.0536(DBH)

where:
D B H  =  d i a m e t e r  a t  b r e a s t  h e i g h t  ( i n . )
ReaBA =  res idua l  basa l  a rea  ( f t . * )
V o l t  = vo lume  per  t ree  ( f t . ”  ou ts ide  ba rk )
B r a n c h  =  p r o p o r t i o n  o f  m e r c h a n t a b l e  b o l e  w i t h  l i m b s
S w i n g  v o l u m e  =  average  vo lume  grapp led  by  the  fo rwarder  ( f t . ”  ou ts ide  bark )
D is tance  = average  fo rward ing  d is tance  ( f t . )
AvgDBH  =  average  d iamete r  a t  b reas t  he igh t  o f  the  harves ted  wood  ( in . )

the equipment used, the options selected,

and purchase prices.  The equipment used
for the feller-buncherlmanualiforwarder
system included Valmet 503 feller-
bunchets,  Husqvama 272 chainsaws and
safety apparel,  and Valmet 546 Woodstar
forwarders. The feller-buncher/proces-
sorlforwarder system utilized Valmet 503
feller-bunchers, Valmet 546 Woodstar
processors, and Valmet 546 Woodstar
forwarders. The swing-to-tree har-
vester/forwarder system included Valmet
546 Woodstar  harvesters and Valmet 546
Woodstar  forwarders.  Table 3 contains a
listing of all production equations used
and their  source documents.

tract size, load size, taxes, and insurance
rates were all identical. Table 4 lists all
the variables and values used to represent
each system variable.

L a b o r
F r i n g e

$ I O.OOihr.
40%

R E S U L T S

The Auburn Harvester Analyzer com-
bined the stock and stand tables gener-
ated by PCWThin,  system variables,  ma-
chine rates,  and the production equations
to generate estimates of on-board cost for
each cut-to-length system. Table 5 is a
summary of the on-board cost for each
diameter class within each system, as
well as a listing ofweekly  production and
the balance of machines needed in each
system to minimize cost. It should be
noted that the on-board cost is the
amount needed to pay all expenses, profit
for the owner is not included. Figure 1 is
a graphical comparison of the different
cut-to-length systems and allows the user
to interpolate cost  on al l  harvest  diame-
ters within the range examined. As Fig-
ure 1 indicates,  harvesting cost  per cord
is highly influenced by tree size for all
systems examined. Small trees are very
expensive to harvest.

E4llliRmm
Spare chainsaw
Cha insaw and  appare l
F e l l e r - b u n c h e r
Processor
Harvester
Fotwarders
In terest

Depreciation = 1 yr
Deprrciation  = I yr.
D e p r e c i a t i o n  = 4 yr.
Deprec ia t ion  =  5  y r .
D e p r e c i a t i o n  = 5 yr.
D e p r e c i a t i o n  = 5 yr.
15%

Sa lvage  va lue 20%

The Auburn Harvester Analyzer cal-
culates the productivi ty and cost  of  the
entire  system. In addit ion,  the ut i l izat ion
of each function is determined by com-
bining machines in the system. By bal-
ancing the system to the least  productive
function, a uti l ization rate for each func-
tion is  determined. Cost per cord for each
function is obtained by combining
hourly machine rates (9) with utilization
and system product ivi ty .  Final ly ,  the cost
of the different functions are combined
and the cost  for on-board set-out trai lers
per cord for the system are calculated.

used in each phase of operation to keep
each machine ut i l ized as much as possi-
ble.  On-board cost decreased as tree di-
ameter increased. Production averaged
approximately 50 cords per day per for-
warder for all diameters of wood except
the 4-inch class .

Three different Auburn Harvester
Analyzer spreadsheets representing the
three cut-to-length systems were devel-
oped for this project. All spreadsheets
used identical  information except for the
machine types and the productivi ty of  the
different machines.  Assumptions such as

The results from the feller-
buncherfmanuallforwarder  system
showed that  manual processing required
two to four chainsaw operators per feller-
buncher.  As the harvested trees increased
in size, the felling and manual processing
became more productive, which required
more forwarding capacity. To achieve the
lowest  system costs ,  machines were bal-
anced; that is,  adequate machines were

The feller-buncherlprocessorlfor-
warder system follows the same trends as
the feller-buncher/manual/forwarder
system. In the 4- and S-inch diameters,
more felling capacity is needed to bal-
ance the mechanical processing. As the
trees become larger, more forwarders are
needed to balance the system. On-board
costs  are very similar  to the manual  sys-
tem; however,  they are sl ightly higher for
all diameters except in the 4-inch class.
Production for  the feller-buncher/proces-
sor/fonvarder  system averages slightly
over 50 cords per day per forwarder.

The swing-to-tree harvesterlfor-
warder system required considerably
more harvesting capacity in small-di-
ameter wood with the swing-to-tree har-

2 8 MARCH 1997

G e n e r a l  i n f o r m a t i o n
H o u r s / d a y
D a y s / w e e k
weeks/year
Tract  s ize
A v e r a g e  f o r w a r d i n g

d is tance
Move- to - t ract
D i s t a n c e  h o m e
Q u o t a

9
5
46
SO acres

990 f t .
4 hr.
3 5  m i .
N o  q u o t a

P i c k u p s
Foreman
O v e r h e a d
Extra  saws

Manual  system
Processor system
Harvester system

I @ S.45Imi.
$2,OOO/mo.
%2,OOO/mo.

2 @ S6SO
1 @  s750
I  @J  5750

P u s h - o u t 0
Entrances 0
L a n d i n g s 0
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vester,  while more forwarding capabilitv
is needed in 1 O-  and 1 1 -i&wood. On-
board costs  per  cord were considerably
higher in the  smaller diameters, but be-
come comparable for tree  sizes larger
than 8 inches.  Production for  this  system
is slightly over 40 cords per day per
forwarder.

C O N C L U S I O N S

Three  cut-to-length thimring  systems
were compared  in this study. Eight dif-
ferent stands were created  by the s tand
generator PCWThin  using f i f th  row/low
and ninth row/low thinning patterns.
Harvesting costs and productivity for
each stand and system combination were
calculated with the Auburn Harvester
Analyzer spreadsheet. Tree size had a
significant effect on unit cost of wood
produced. As tree size increased, unit
cost of wood produced decreased.

FELLER-BUNCHERIMANUALJ
FORWARDER SYSTEM

In general, the feller-bunchcr/man-
ual/forwarder  system  had tk !owest  unit
C@St Of ah  the cut-to-lengdl  SyStCmS.  La-
bor requirements are higher for this sys-
tem. Four to six chainsaw operators  arc
needed to balance with one fcllcr-
buncher  and one to three forwarders, dc-
pending on the diameter  of  wood being
harvested. Manual processing with
chainsaws increases the chance for acci-
dents and the potential for workers to
experience physical stress and could
contribute to worker turnover.  Slash that
remains with the logs creates down-
stream problems during loading and
haul ing .

FELLER-BUNCHER/PROCESSOR!
FORWARDER SYSTEM

The feller-buncherlprocessorlfor-
warder system had cost  and production
very similar to the manual processing
system. For first thinnings, which typi-
cally have cut trees averaging 5 to 7
inches, this system offers the most po-
tential. By having all operators in en-
closed cabs,  the system puts  workers in a
safe and comfortable work environment.
Slash is  separated from the merchantable
logs and placed as a mat for machine
traffic.

S W I N G - T O - T R E E

HARVESTER/FORWARDER SYSTEM

The swing-to-tree harvester/for-
warder system had the highest  unit  cost
of  al l  the cut- to-length systems.  Produc-
t ivi ty  was less  than both the manual  and
processor systems. The swing-to-tree

I;clIcr-haochcr/laanual/forwarder  systcul
No. of No. of No. of Productivily On-board costs

DBH rekx-buncilers chainsaws fonvardcrs (cords/wk.) (S/cord)
4 2 6 I 169 6s.  IS
5 2 6
6 I 4
7 2 6
S 2 5
9 2 6
I 0 2 6
I I 2 4

Fcllcr-bunchcrlproccssor/for!vardcr  svstctn
No. of- No. of

I 252 45.15
1 2 4 2 33.51
2 547 24.76
2 545 23.17
3 8 2 3 19.34
3 845 IS.67
3 859 16.54

DBH feller-bunchers processors

4 4 2
5 4 3
6 2 2
7 2 2
S 2 2
9 2 2
10 2 2
I1 2 2

S\viuL’-to-tree  harvester/forwarder systeul
No. of No. of

No. 01 Productivity On-board costs
(S/cord)

61.62
39.37
32.66
26.47
23.25
20.4 I
19.s7
17.22

forwarders (cords/wk.)

1 280
2 5 8 7
2 480
2 597
3 775
3 891
3 905
4 I.195

Productivitv On-board costs
DBH harvesters forwarders (cordsbk.) ($/cord)

4 4 I 1 4 9 113.78
5 3 I 19s 68.94
6 2 I 214 46.92
7 2 1 242 39s2
8 1 I 2 3 3 25.75
9 I I 2 3 1 28.07
IO I 2 368 23.60

2 4 6 a 10 12

Average Stand DBH (inches)

l Feller-buncher/ManuaI 0 Feller-buncher/Processor

f Swing-to-tree Harvester

Figure 1. - On-board cost comparison for cut-to-length systems.
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ll;lrvcstcr-/foI~valtlcr  syslcm  hi  lhc  IO\\‘-

cst labor rcquircmcnts  anti  consisted  01

only 011~  operator  for-  c;ICII  01‘  1IlC  l\v0

types of l~~acl~incs.  The  swing-to-tree

harvester  felled and proccssctl  individual

trees. Although the  swing-to-lrcc hat--
vester/forwardcr  system  had  the  highest

initial cost, as lrcc  six  incnxscd, lhc
diffcrcncc  in unit costs Ior all S~SICI~S

decreased and was similar at the  I I -inch

class. If thinned lrccs  had sawlog-gadc

mater ia l ,  the  compulci-izcd  nicasuring

dcviccs  of the  swing-to-kc lwwstc~-
would be superior- to the processing
method of the other two systems  studictl.

While both manual processing  and

mechanized processing have  the:  ability

to merchanciizc plylogs  and sawlogs

from trees, the single-tree  processing  of

the harvester probably measur-cs  more

accurate ly .  The swing-to-tree har-
vester/forwardcr  system would bc best

used in second thinnings  or other cuts

wheremcrchandisinf:  is important. !I)  ad-

dition, swing-to-ircc barvcstcrs  ha~c  rhc

added capabilities of war-King  in \;~ccp,

rocky, or swampy tcrmin.  The  reach  01

the boom allows the harvcstcr  to COVCI
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